• Norepinephrine (NE) administration has been shown to produce subendocardial hemorrhages and myofiber degeneration and necrosis. 1 This pressor amine has been further implicated in the production of lesions in the intestine, 2 liver, 3 and kidneys. 4 Since tissue alterations of the type described in these organs, namely degeneration and necrosis, are associated with release of enzymes from the damaged cells, experiments were performed to study changes in total serum lactic dehydrogenase (LDH) and LDH isoenzymes during NE administration.
Methods
Nineteen mongrel dogs, anesthetized with sodium pentobarbital, 25 mg/kg iv, were used. Five served as controls and were infused with 5% dextrose and water for four hours. Three groups of four or five dogs each, received respectively 1, 2, and 4 ;u.g/kg/min of NE by constant intravenous infusion over a four-hour period. Arterial blood samples were taken before the start of infusion, and at 15 min, and one, two, three, and four hours after initiation of the infusion. In three dogs venous blood was also taken. Each sample was assayed for total LDH activity and the LDH isoenzyme profile. Total LDH was measured spectrophotometrically by the change in absorbancy of DPNH at 340 yx using L-lactic acid as the substrate. 5 The results are expressed in terms of "Wacker" units, which correspond to the average change in absorbancy per minute times 1000. Isoenzyme profiles were determined by vertical starch gel electrophoresis, 6 From 
Results
The pre-infusion average serum LDH of the 19 dogs was 44 units, SEM ± 31. The average increase in serum LDH at different time intervals after the infusion of varying doses of NE is shown in table 1. Control animals which received an infusion of 5% dextrose and water showed no alteration in serum LDH during the infusion period. At doses greater than 1 /ug/kg/min there were progressively increasing levels of enzyme activity in the serum within one hour after the start of the infusion. A significant elevation in serum LDH activity developed during the fourth hour of NE infused at a dose rate of 2 /Lig/kg/min, and was apparent as early as one hour after the 4 /ig/kg/min NE infusion.
The electrophoretic LDH isoenzyme pattern of arterial blood samples obtained from dogs infused with 1, 2, and 4 /tg/kg/min of NE showed a progressive prominent increase of fractions 1 and 2 with time (fastest anodal migrating components) and a slight increase of fraction 3. These changes were apparent at one hour with all three doses, and as early as 15 minutes after the onset of infusion with the 4 /ig/kg/min dose ( fig. 1 ). Figure 2 shows the LDH isoenzyme profile of venous blood obtained from a dog infused with 4 /ig/kg/min NE, as well as the isoenzymes of heart and liver homogenates. densities was attempted in this experiment, it appeared subjectively that the increases in fractions 1 and 2 in venous serum were less than those seen in arterial serum (figs. 1 and 2). It was also subjectively apparent that the 4 fig/kg/min dose of NE resulted in isoenzyme bands of greater density than those seen with the smaller doses. Two of the dogs receiving 4 /xg/kg/min showed a slight increase of fraction 5 at four hours in addition to the above described increase in fractions 1, 2, and 3.
Discussion
It has been well established that LDH exists in multiple molecular forms called isoenzymes. 9 There are at least five such molec-618 SCHENK, GALBREATH, MOSS ular forms, each being one of five possible tetrameric combinations of two basic monomers. 10 While LDH is ubiquitous in its distribution, individual organs and tissues contain one or more of the isoenzymes in varying relative concentrations. Thus, an analysis of the serum LDH isoenzyme pattern or profile leads to specific localization of the site of organ injury.
Our findings establish that NE infusion in dogs, in doses greater than 1 /u.g/kg/min, results in a rapid and progressive dose related increase of total serum LDH and specifically of the LDH isoenzymes normally present in the heart. This finding complements the observations of Szakacs 11 and Schenk et al. 1 that cardiac lesions characterized by myofiber degeneration and necrosis are dose and time related to NE infusion, and may be seen as early as one hour after the initiation of such an infusion. Morphologic studies in dogs, cats, and rabbits have failed to identify alterations other than congestion in extracardiac tissues when doses of NE similar to those employed clinically were used. 1 The analysis of serum isoenzymes contributing to the rise in total serum LDH during NE infusion similarly establishes that tissue damage is, at least initially, confined to the myocardium. In two of the dogs receiving 4 /u,g/kg/min, the isoenzyme profile showed an increase in fraction 5, as well as of fractions 1 and 2, after four hours of infusion. This may be explained by release of enzyme from the liver, kidney or gut. The dogs in the 4 /u,g/kg/min dose group showed invariably a progressive decrease in cardiac output, an increase in peripheral vascular resistance, 8 and evidence of visceral congestion. 1 The release of LDH from the liver, kidney or gut, consequent to hypoperfusion and vascular congestion, is the most likely explanation for this finding in the group of dogs receiving the highest dose of NE.
An increase in serum glutamic oxalacetic transaminase (SGOT), glutamic pyruvic transaminase (SGPT), and alkaline phosphatase, following NE administration has been reported previously by Highman et al. 12 These authors found SGOT release within six hours after the administration of 6 to 10 Atg/kg/min for 83 minutes. Their failure to identify "significant fatty or other histologic changes" in some of their dogs, which indeed had a significant rise in serum SGOT, was explained on the basis that the cellular damage responsible for the rise in serum enzyme levels need not be sufficiently great to be demonstrable by the usual histologic methods. Our observations, that the 1 /ng/kg/min dose of NE did not produce histochemically definable cardiac lesions but did produce a slight increase in serum LDH and LDH isoenzymes, might be explained similarly. The use of specific enzyme histochemical techniques, however, has allowed us to demonstrate that focal myofiber alterations characterized by abnormalities in enzyme staining reaction and lipid accumulation are indeed present to account for the enzyme release in all of the animals in the higher dose groups. 1 The increases in SGPT and alkaline phosphatase in the experiments reported by Highman et al. 12 were attributed to hepatic damage. With the large doses of NE employed by these workers, visceral changes secondary to hypoperfusion and congestion may well have been responsible for the rise in these enzymes.
Adrenal cortical lipid depletion, and an acute adrenalitis has been found in dogs following NE administration. 1 The LDH isoenzymes in the human adrenal are predominantly in fraction 3. Since this is also present in the heart, the increase in this fraction which we have seen (figs. 1 and 2) may be from either or both sources.
Summary
Infusion of norepinephrine (NE) in dogs in doses of 1 to 4 /ug/kg/min resulted in a rapid and dose related increase in serum lactic dehydrogenase (LDH) and those isoenzymes of LDH present in the heart. Histochemically definable lesions in the heart were correlated with the isoenzyme release produced by 2 and 4 //.g/kg/min NE infusion.
Evidence of LDH isoenzyme release from organs other than the heart was found only in dogs in the highest dose group that, in addition, had evidence of low cardiac output.
